Receptors for murine leukemia inhibitory factor (LIF) were demonstrated on immature and mature murine megakaryocytes. LIF alone had no effects in culture on the survival or proliferation of normal murine megakaryocytes or their precursors. However, combination of LIF with multipotentialcolony-stimulating factor (Multi-CSF) (interleukin-3) enhanced the megakaryocyte colony formation able to be HE LEUKEMIA INHIBITORY factor (LIF) was T purified and cloned on the basis of its ability to induce differentiation in and suppress the proliferation of M1 murine myeloid leukemic Murine LIF has no colony-stimulating activity when added to cultures of normal marrow or fetal liver cells4 although LIF can stimulate the proliferation of the DA-1 murine hematopoietic cell line' and can potentiate the interleukin-3 (IL-3)-induced proliferation of two myc-transformed murine erythroid cell lines (Cory S, Maekawa T, Metcalf D, unpublished data, October 1989) and IL-3-stimulated blast cell colony formation in cultures of human marrow c e k 6
stimulated by Multi-CSF; the enhancement involved all types of megakaryocyte colony and resulted in the formation of increased numbers of megakaryocytes. These observations provide a possible basis for the observation that, when LIF is injected in vivo, elevations are observed in megakaryocyte numbers and platelet levels. 0 1991 by The American Society of Hematology.
MATERIALS AND METHODS
Cultures. All cultures were performed using 35-mm Petri dishes containing 50,000 bone marrow cells from 2-month-old C 3 W e J mice in 1 mL of agar-medium with a final concentration of 20% fetal calf serum in 0.3% agar.ls
Cultures were incubated at 37°C in a fully humidified atmosphere of 10% CO, in air. After 1 week of incubation, colony counting was performed at X35 magnifications and then all cultures were fixed using 1 mL of 2.5% glutaraldehyde in 0.9% saline. After floating the intact cultures onto glass slides, the cultures were air-dried and stained for acetylcholinesterase, then they were stained with Luxol-Fast-Blue and hematoxylin. Using coded slides, megakaryocyte colonies (defined as clones containing two or more acetylcholinesterase-positive cells) were enumerated and total cell counts performed for acetylcholinesterase-positive cells in each colony.
All stimuli tested were purified murine recombinant factors produced in this laboratory using bacterial or yeast expression systems: specific activities for LIF, multipotential-colony-stimulating factor (Multi-CSF) (IL-3), granulocyte-macrophage CSF (GM-CSF), granulocyte CSF (G-CSF), and macrophage CSF (M-CSF) were all approximately 10' Uimg.
Purified recombinant murine LIF was labeled with '''1 using methods described previously.16 Marrow suspensions were enriched for megakaryocytes by centrifugation over 50% Percoll (Pharmacia, Uppsala, Sweden) then incubated for 1 hour at 37°C with 400 pmoliL %LIF (40,000 countslmin in 100 FL) with or without a 100-fold excess of unlabeled LIF. The cells were washed and cytocentrifuge preparations then fixed using 2.5% glutaraldehyde in phosphate-buffered saline. After dipping in Kodak NTB2 emulsion and exposure (Eastman Kodak, Rochester, NY), the preparations were stained with May-GriinwaldGiemsa.
Autoradiography.

RESULTS
Seven-day cultures of marrow cells containing 1,000 U/mL of LIF showed no megakaryocyte or other colony formation and no surviving single megakaryocytes. In cultures containing combinations of LIF (1,000 U/mL) with 1,000 U/mL of GM-CSF, G-CSF, or M-CSF, again no colonies containing megakaryocytes were observed nor were there single surviving megakaryocytes.
In marrow cultures containing from 125 to 1,000 U/mL of Multi-CSF, megakaryocyte colony formation was observed. These colonies usually were of two types: those containing small numbers of large dispersed megakaryocytes or large colonies containing acetylcholinesterase-positive cells of various sizes. Less frequently, mixed colonies were observed containing megakaryocytes together with cells of other lineages and typically in these colonies the number of acetylcholinesterase-positive cells was relatively small. Inclu-sion of 1,000 U of LIF in such cultures increased the number of megakaryocyte colonies developing with all concentrations of Multi-CSF (Fig 1) . Data on megakaryocyte colony numbers from 18 separate experiments using 500 U of Multi-CSF indicated that in individual cultures the number of megakaryocyte colonies varied widely. In the same 18 experiments, in cultures containing 500 U of Multi-CSF plus 1,000 UimL of LIF, a significant overall increase in megakaryocyte colony numbers was observed (Fig 2) (t = 4.43, P < .01) despite the variation between individual cultures.
Combination of LIF with Multi-CSF had no influence on the number or size of granulocyte-macrophage colonies developing in these cultures compared with cultures containing Mult-CSF alone. To document that this enhanced colony formation actually resulted in the production of more megakaryocytes, total megakaryocyte numbers were determined by counting colony megakaryocytes in the entire culture dish in 14 experiments using 500 U Multi-CSF alone or in combination with 1,000 U of LIF. In counts on 50 unselected cultures of each type, the addition of LIF significantly increased the total number of megakaryocytes developing per culture from 183 k 122 to 300 185 (kSD)
The frequency distribution of megakaryocyte numbers in individual colonies was analyzed to determine whether LIF might exert a selective effect on the size of small colonies of mature cells or on the larger colonies containing megakary-(t = 3.79, P < .01). significantly reduced but not eliminated. This result suggests that part of the observed labeling may have been nonspecific and in this context it was evident that damaged megakaryocytes exhibited prominent labeling that was not blocked by unlabeled LIF. It was also evident that mature megakaryocytes exhibited higher grain counts than less mature cells with basophilic cytoplasm (mean grain count for mature cells, 80 ? 50, v immature cells, 11 14 grains per cell).
DISCUSSION
The literature on the factors influencing the in vitro growth of megakaryocyte colonies contains an exceptional number of discrepant observations that suggest that megakaryocyte colony formation is unusually susceptible to differences in culture conditions, the media used, and the numbers of cells cultured. A similar unusual variability was noted in the present experiments despite attempts to minimize such variability by using a fixed protocol, a single incubator, and only two batches of fetal calf serum. Observations were restricted to the use of C3H/HeJ marrow to minimize possible effects of endotoxin. Because of the design used, the data provide only one set of answers on the possible influence of LIF on the proliferation of megakaryocyte precursors and no proof that the observed changes were due to the direct action of LIF on these cells. That such a direct action is possible was shown by the demonstration that megakaryocytes express membrane receptors for LIF, but a complete documentation of direct action will For personal use only. on October 24, 2017. by guest www.bloodjournal.org From require experiments in which single megakaryocyte precursors are cultured.
The data confirm earlier observations that LIF, when acting alone, has no colony-stimulating activity for normal murine marrow cells and further showed that LIF does not result in megakaryocyte colony formation if used in combination with GM-CSF, G-CSF, or M-CSF.
When combined with an intermediate concentration of Multi-CSF, LIF increased the number of megakaryocytecontaining colonies and the total number of megakaryocytes produced. This action of LIF was evident in the formation both of small colonies (presumptively formed by more mature progenitors) and the large colonies of mixed maturation stages (presumptively formed by more ancestral progenitors). Mixed megakaryocyte colonies containing other lineages were too infrequent in these cultures to establish clearly whether LIF enhanced the development of megakaryocytes in such colonies.
The enhanced proliferation observed with a combination of LIF and Multi-CSF resembles in principle the enhancing interactions between M-CSF and GM-CSF in stimulating macrophage colony formation by human progenitor cells in agar cultures" and the enhancing action of LIF in combination with Multi-CSF on blast colony formation by human marrow c e k 6
The present observations provide a possible basis for the observed megakaryocyte and platelet responses in mice injected with LIF. The LIF-enhanced proliferation of megakaryocytes in vitro was only observed in combination with Multi-CSF and Multi-CSF has yet to be documented to exist in the circulation of normal mice, despite the presence of Multi-CSF receptors on hematopoietic cells. An obvious alternative possibility is that, when LIF is injected in vivo, it might interact with or elicit the production of some other megakaryocyte-stimulating factor when inducing the observed increases of megakaryocytes and platelets.
